Dual-targeting topotecan liposomes modified with tamoxifen and wheat germ agglutinin significantly improve drug transport across the blood-brain barrier and survival of brain tumor-bearing animals.
Chemotherapy of brain tumors remains a big challenge owing to the low drug transport across the blood-brain barrier (BBB), multidrug resistance (MDR), and poor penetration into the tumor tissue. We developed a novel dual-targeting liposomal carrier that enabled drug to transport across the BBB and then target the brain tumor. In the dual-targeting liposomal carrier, tamoxifen (TAM) was incorporated into the lipid bilayer membrane of liposomes and wheat germ agglutinin (WGA) was conjugated to the liposomes' surface. Topotecan was then loaded into the above liposomes. In vitro, topotecan liposomes modified with TAM and WGA were applied to the glioma cells, BBB model, and avascular C6 glioma spheroids, respectively. In vivo, they were systemically administered via vein to brain C6 glioma-bearing rats. In view of the microtiter tetrazolium (MTT) results, topotecan liposomes modified with TAM and WGA exhibited a significant inhibitory effect compared to unmodified topotecan liposomes, suggesting that TAM plus WGA contributed strong drug delivery effects into the brain tumor cells after direct drug exposure. In the experiments of drug transport across the BBB model following drug exposure to tumor cells, topotecan liposomes modified with TAM and WGA exhibited the most robust dual-targeting effects: crossing the BBB and then targeting brain tumor cells. Similar strong activity was found in the reduction of C6 glioma tumor spheroid volume and in the apoptosis of the spheroids. In the brain tumor-bearing rats, the dual-targeting effects of topotecan liposomes modified with TAM and WGA could be evidently observed, resulting in a significant improvement in the overall survival of the brain tumor-bearing rats compared with free topotecan and topotecan liposomes. Moreover, results from an extended treatment group indicated that the survival could be further significantly enhanced, indicating that an extended chemotherapy with topotecan liposomes modified with TAM and WGA would be beneficial for treatment. The dual-targeting effects in vivo of topotecan liposomes modified with TAM and WGA could be related to an enhanced effect by TAM via inhibiting efflux of MDR proteins in the BBB and the brain tumor, and an enhanced effect by WGA via endocytosis in the BBB and in the brain tumor. In conclusion, topotecan liposomes modified with TAM and WGA significantly improve topotecan transport across the blood-brain barrier and the survival of brain tumor-bearing animals, showing dual-targeting effects. These findings would encourage further developments of noninvasive therapy for brain tumor.